In high-multiplicity infection of human fibroblasts, human cytomegalovirus of WI-38 human diploid cells produced early cell rounding 6 Although human cytomegalovirus (CMV) is related to Herpesvirus hominis (12), it differs from the latter in its restricted host range, the close association of the virus with the host cell, and the lability of the infectious virus after cell release (6). These characteristics made hightiter CMV preparation difficult to obtain until recently (3, 21). We applied a high-yield CMV system to the study of one-step virus curves of infectious virus and viral antigens in human fibroblasts in which we noted that cell rounding occurred long before there was any evidence of viral replication. In this paper, we describe some characteristics of this early cytopathic effect (CPE) and show that it is correlated with protein synthesis early in the course of infection. MATERIALS Preparation of nuclear and cytoplasmic fractions. Trypsinized cells were washed in phosphate-buffered saline (PBS) and suspended in 0.5% sodium citrate containing magnesium (1 mM) and calcium (1 mM). After the cells were disrupted in a tight-fitting Dounce homogenizer, the homogenate was centrifuged at 2,000 rpm for 10 min to sediment nuclei. Homogenization was monitored by microscopy observation to insure that all cells have been ruptured.
Although human cytomegalovirus (CMV) is related to Herpesvirus hominis (12) , it differs from the latter in its restricted host range, the close association of the virus with the host cell, and the lability of the infectious virus after cell release (6) . These characteristics made hightiter CMV preparation difficult to obtain until recently (3, 21) . We applied a high-yield CMV system to the study of one-step virus curves of infectious virus and viral antigens in human fibroblasts in which we noted that cell rounding occurred long before there was any evidence of viral replication. In this paper, we describe some characteristics of this early cytopathic effect (CPE) and show that it is correlated with protein synthesis early in the course of infection.
MATERIALS AND METHODS Virus. The CMV strain used in this paper was isolated in our laboratory from an infant (Town) with congenital CMV infection. This agent was identified as a strain of CMV by its typical CPE with intranuclear inclusions in tissue culture, by serological studies, and also by the limited spectrum of cell types in which it would grow.
Tissue culture. human diploid cells obtained from L. Hayflick were used between the 20th and 30th passage levels. The cells were grown in Eagle minimal essential medium (MEM) supplemented for I Permanent address: Farmitalia Research Laboratory, Milan, Italy. growth and maintenance with 10% or 2% fetal-calf serum, respectively. Preparation of nuclear and cytoplasmic fractions. Trypsinized cells were washed in phosphate-buffered saline (PBS) and suspended in 0.5% sodium citrate containing magnesium (1 mM) and calcium (1 mM). After the cells were disrupted in a tight-fitting Dounce homogenizer, the homogenate was centrifuged at 2,000 rpm for 10 min to sediment nuclei. Homogenization was monitored by microscopy observation to insure that all cells have been ruptured.
Labeling of virus. MEM supplemented with 2% fetal-calf serum containing 0.1 mCi of 3H-thymidine per ml was added after a 1-h period for virus adsorption, and the cultures were maintained until the time of harvest.
Procedure for assaying radioactivity. Trichloracetic acid (10%) was added to samples, and the precipitate was filtered on membrane filters (450 jsm pore size). After drying the membrane filter, tolueneethanol-based scintillation fluid was added. The samples were counted in a scintillation spectrometer.
Infectivity assay. Tube cultures of WI-38 cells were used for infectivity assays. Inoculated cultures were incubated stationary at 37 C. The end point of infectivity was read 14 24,000 rpm. The infectivity peak coincided with that of radioactivity (Fig. 4) . Both CF activity and precipitin activity were recovered in two zones, one coinciding with the band of infectious virus and the second localized at the top of the gradient. An incidental fact developed in these experiments was that the sucrose fractions containing the highest peaks of infectivity and radioactive thypnidine label had a density of Because it was clear that neither synthesis of viral DNA, infectious virus, CF antigen, nor precipitin antigen could account for the early CPE, we sought to characterize this phenomenon further. The CMV virus inoculum was centrifuged at 22,000 rpm for 1 h. The supernatant fraction and the resuspended pellet were then tested for their ability to produce early CPE. Only the cells inoculated with the pelleted virus showed an early CPE. Incubation of virus inocula at 56 C for 30 min, at 4 C for 48 h, or with equal volumes of ether for 15 min each destroyed CMV infectivity and also eliminated the early CPE. Incubation of the virus inoculum with immunoserum to CMV for 1 h at 37 C eliminated the CPE, but when the same antiserum was applied after virus adsorption, the CPE was not prevented. Although inactivation of the virus inoculum to a level of 103-5 TCID5O
by UV irradiation did not prevent early CPE, dilution of the virus inoculum to the same low dose eliminated it (Table 1) .
These results indicated that the early CPE was induced only by the virion itself. cytosine arabinoside-treated cells. It was interesting that when FUdR and cytosine arabinoside were removed by changing the maintenance media, infectivity and viral antigens rapidly proceeded to normal levels.
In contrast to the failure of DNA inhibitors to prevent the early CPE, both actinomycin D and cycloheximide, when added before or within 2 h of virus inoculation, completely inhibited it. However, addition of these inhibitors later than 2 h postinfection failed to inhibit the early CPE (Table 3) .
Exposure of WI-38 cell cultures to 30 s of UV irradiation resulted in death of the cells as was demonstrated by vital staining 24 h later. Nevertheless, inoculation of these cells with CMV resulted within 12 h postinfection in the same, early CPE as in unirradiated cells.
Immunofluorescence studies. At various intervals postinfection, cells on several cover slips were fixed with cold acetone and then were stained by indirect fluorescent antibody (FA) technique by using human convalescent sera. At 3 h postinfection a granular form of fluorescence was seen in the cytoplasm. At 6 h postinfection, nuclear and perinuclear fluorescence was seen which continued to be present for the rest of the growth cycle. At 12 h postinfection, the cells still fluoresced, but the location of fluorescence was difficult to evaluate because of cell rounding.
To test the specificity of this staining, similar experiments were done in which it was shown that addition of actinomycin D and cycloheximide to infected cultures eliminated early FA activity, whereas FUdR did not. DISCUSSION These studies were made possible by the high titers of CMV obtained by serial passage of virus in WI-38 cells. High multiplicity of infection permitted us to do one-step growth curves, in which a delay of 48 h occurred between the addition of the inoculum and the appearance of On the basis of a complementary electron microscope study to be published separately (8) and previous reports from other laboratories (11, 18) , it can be said that intranuclear particles are not observed until 48 h postinfection and that particles produced in the nucleus soon migrate into the cytoplasm. The long delay between virus entrance and virus synthesis is in contrast to the rapid synthesis of herpes simplex virus in infected cells, which takes place over a period of 18 h (17, 19 at a time that precedes synthesis of new virus (13) . New cell surface antigens also have been described in herpes infection (7), at least one of which is formed despite inhibition of DNA synthesis. Several proteins functioning as enzymes appear in herpes-infected cells during the first 6 h postinfection, including thymidine kinase and DNA polymerase (16) . Thus far we have not identified the function of the proteins synthesized early in the replication of CMV.
If it is related to the change in the cell surface that leads to rounding, then it may be a new cell surface antigen analogous to that of herpes simplex virus.
In view of the long eclipse period of CMV, it is important to characterize the new proteins in relation to later viral replication.
